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INTRODUCTION 
There has been a growing concern over soil degradation, nutrient 
depletion and water pollution caused by conventional agricultural practices. This 
concern has led to an interest in the development of environmentally sustainable 
agricultural systems. 
The value of the soil has been known and appreciated for a very long 
time. Sustainable farming systems allowed numerous civilizations, ancient 
Anasazi people of the American Southwest for example, to thrive and flourish on 
very dry and nutrient-deficient land (Hillel, 1991). Great cultures that have made 
their mark in world history have been built upon agriculture, though their 
subsequent expansion in industry or trade may have seemed to overshadow 
these rural beginnings (Kellogg, 1938). 
Numerous management methods geared toward the improvement of soil 
fertility were practiced throughout centuries in order to sustain successful food 
production. Many years of crop production experience in Northeast America 
allowed development of a cropping technique called "Three Sisters" 
(Lewandowski, 1987). This method combined practices of soil fertility 
improvement and diversification of a field ecosystem. Growing three crops 
intermixed together, the system seemed to be advantageous because of efficient 
use of fixed nitrogen from legumes (beans), ground cover for weed suppression 
and moisture control provided by squash and, finally, support for climbing vines 
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and protection for shorter crops from corn. 
Another practice was developed by Pueblo Indians occupying a large 
part of the American Southwest until the XI century. Their method promoted 
efficient harvest of the run-off water from the top of flat mesas after each 
thunderstorm event and even distribution on adjacent corn fields. This water 
source, enriched with significant amounts of sediment and plant debris, 
apparently provided sufficient soil moisture and nutrients for growing crops 
(Cushing, 1920). 
Other methods, which contribute to the maintenance of soil fertility, are 
rice production on padi fields in Asia where crops make use of nitrogen fixed by 
blue-green algae (Russelle et aI., 1987) and floodplain farming in Egypt where 
flood waters of the Nile deposit nutrients and supply moisture during the growing 
season (Hillel, 1991). One of the best methods in agricultural production, 
prescribed as a common practice in XVIII century Europe, was rotation of 
selected crops (Bromke et aI., 1994). This well-known method, which could 
include burning as a part of the rotation, was supposed to increase agricultural 
productivity through the close integration of ruminant livestock, forages (including 
legumes), and arable crops (Shiel, 1991). 
The value of "healthy" soil has also been recognized in this century and 
this culture. The Yearbook of Agriculture carries this statement: "The soil is 
more than a source of immediate gain; it represents security for the future. 
Conservation, not for itself but for security and sustained production to this 
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security, is an essential part of any system of permanent agriculture" (Kellogg, 
1938; p. 871). To be rich means to have soil that provides people with a 
sufficient quantity and quality of food. Therefore, in order to achieve wealth, the 
balance between natural resources, inputs and production has to be maintained. 
Due to the advances in technology and market improvement, even before 
World War II, techniques of producing artificial "crop enhancers", i.e., fertilizers 
from atmospheric nitrogen, or processed natural minerals, were widely used. 
These technologies were usually cost-prohibitive, however. During the war, the 
federal government built numerous plants for manufacturing fixed nitrogen for 
munitions. At the war's end, these plants became available for making farm 
fertilizers at relatively low cost (Harwood, 1990). 
The post-war world economy created an opportunity for the United States 
to become a source of food for other nations that were suffering economic crises. 
This situation enhanced rapid development of agricultural production (Harwood, 
1990). Additionally, the spread of industrial technology increased exponentially 
from the late 1950s, helping to create the model of the contemporary, modern 
farm. The ideal farm focused on crop specialization and maximum yields. This 
was permitted by the availability and low price of fertilizers and pesticides, as 
well as easier access to large horsepower tractors (Harwood, 1990). 
Agricultural science at that time focused on the use of synthetic fertilizers 
for crop nutrient replacement. The Midwest Agricultural Handbook states: " ... 
some of the rotation including legumes contributions have been overemphasized 
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and that there are other ways of accomplishing, often more economically, the 
same results" (p. 131). It also asserts that: " ... as more soil treatments in the 
form of manure, fertilizer nitrogen and other chemicals are used, the acreage of 
forage crops needed to maintain grain yields can be reduced. High grain yields 
can be maintained with heavy fertilization and no legumes" (Schaller and 
Shrader, 1969; p. 131). 
How times have changed! Recently there has been more and more proof 
that heavy fertilization and the intensive row crop agriculture it allow carry great 
environmental costs. These costs are both on-farm, in the form of eroded and 
degraded soils, and off-farm, as excess fertilizers and eroded soil materials that 
pollute streams, lakes and groundwater. Fertilizer and pesticide overuse led 
also to the accumulation of toxic compounds in soil and contamination traced in 
human food chains (Harwood, 1990). The average annual rate of water erosion 
in the United States ranges from 2.6 to 10.3 Mg/ha and 4.4 to 11.7 Mg/ha of 
wind erosion (Lal et aI., 1987). The soil organic matter content in the last fifty 
years decreased by one third (Loynachan, 1994; personal communication). As a 
consequence of such environmentally degrading processes, there has been a 
large emphasis put on development and implementation of different management 
practices that would improve soil erosion control and water conservation. 
The development of the modern sustainable approach dates back to the 
early 1980s when the concept of regenerative agriculture was formed by Robert 
Rodale (Rod ale and Martin, 1990). One of the first artiCUlations of a sustainable 
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agriculture was put forth by Wes Jackson in 1980. According to him: " 
Environmental sustainability means the maintenance of high quality of soil, 
water, air, and other ecological components that would enhance food 
production" . 
The concept of "sustainability" must be returned to a model of the 
contemporary farm. This new ideal farm would focus on understanding of 
ecological principles related to a diverse habitat, plant interactions and livestock 
input. An "Environmentally Sustainable Farming System" should be composed of 
interrelated farming activities organized to efficiently and economically harness 
solar energy in the form of consumable products on a continuing basis, while 
preserving soil productivity and maintaining a high level of environmental quality 
(Lal et aI., 1987). Although these concepts look for alternatives to modern 
chemical farming, sustainability must be dynamic because of the ever-changing 
demands for material resources brought about by increasing population, as well 
as changes in social values and needs over time (Lal et aI., 1987). Food 
production should emphasize practices which reduce environmental degradation, 
optimize economic benefits, increase farmer's satisfaction, and improve 
knowledge and understanding related to the issue of land conservation. 
One of the environmentally sustainable practices that might fit into the 
model defined above, and which might have its renaissance today, is the strip 
intercropping rotational system. Even though this management tool is well 
known, it is not commonly used because the real advantages of this system are 
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not fully understood or recognized. 
This thesis presents a detailed analysis of a strip intercropping system and 
implications of this system as an alternative to complete dependence on 
synthetic fertilizers. The research and data generated in this paper are part of 
the Management Systems Evaluation Areas project, which is being supported in 
part by the Environmental Protection Agency in cooperation with the Ministry of 
Agriculture and Food Economy of Poland. 
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LITERATURE REVIEW 
Strips as an alternative for agricultural production 
Strip Intercropping (SI) is a soil and plant management system which 
involves production of two or more crops on the same field. Strips are planted 
wide enough for independent cultivation, but narrow enough to interact 
ecologically (Stinner and Blair, 1990). 
Under many circumstances it is unlikely that intercropping row crops will 
be of interest to farmers unless there is a distinct biological advantage for this 
arrangement. Other system advantages such as diversification of economic risk 
or distribution of labor requirements could be met in most cases without 
intercropping (Putnam and Allan, 1992). 
The most important characteristic of the SI system relates to habitat 
structure and species present. Increased number of species makes it similar to 
diversity occurring in natural ecosystems (Stinner and Blair, 1990). Growing 
crops in relatively wide alternating strips can increase agroecosystem's "beta 
diversity" (refers to between-habitat interaction as opposed to "alpha diversity" 
which refers to inside-habitat interaction; found commonly in monocropping 
systems) (Whittaker, 1960). 
Success of strip crop production is based on a thoughtful selection of 
plants to be grown next to each other. Crop species chosen for SI should have 
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distinctly different nutrient and water demands as well as light requirements. 
These unique resource needs should result in development of plant canopies 
and root systems which do not interfere with each other. Their mutual 
complementarity for natural resource use can minimize between-plant 
competition especially at a strip border position (Bowman, 1989). Positive 
interaction between outside strip rows increases production potential and yield 
quality compared to sole planting, because this combination may make a better 
use of natural resources than monocrop planting (Harwood, 1990; Willey, 1988; 
Putnam and Allan, 1992). This physiological phenomenon is known as an 
"annidation effect" (Schibles and Anderson, 1993). 
To be accepted in Iowa, SI must utilize corn and soybean. The overall 
success of this crop selection, however, is challenged by frequent 10-15% 
soybean yield losses occurring in the soybean row adjacent to the corn row 
(Sawchik, 1994). Introduction of a third crop into the system, allows for a partial 
recovery of soybean yield. An alternative crop type to be considered for this 
system, due to life cycle characteristics and reduced resource needs, is small 
grain. However, low economic returns and yield instability in this climate result 
in limited farmer interest for this crop option. By underseeding small grain with 
legume and using legume for forage or as a cover crop, we could increase 
profitability of this crop and enhance soil fertility (Cruse, 1990). 
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Natural resource use in strip intercropping 
Competition and facilitation between plants are two major interactions that 
influence the yield of crops grown together (Vandermeer, 1989). These two 
concepts are derived from plant ecology principles commonly used to explain the 
structure of natural plant and animal communities (Putnam and Allan, 1992). 
Plants likely to be exposed to competition and/or facilitation in the SI system 
grow at the border positions where resource variability is relatively high 
(Stringfield, 1927; Hulbert and Remsberg, 1927). Therefore, outside rows 
frequently exhibit yield increases or decreases compared to the center rows 
(Stringfield, 1927). This phenomenon has been scientifically recognized for 
decades. Because border positions are a significant source of yield variation in 
plot work, outside plot rows are considered guard rows. As a result, collecting 
data from these rows, is strongly discouraged (Hulbert and Remsberg,1927; 
Stringfield, 1927). The area to be eliminated from each plot edge depends on 
plant species and their yield response to more variable conditions: For example, 
data from two rows on each side of small grain plots are to be ignored (Hulbert 
and Remsberg, 1927) whereas for sugar beet experiments, data from only one 
edge row should be discarded (Deming and Brewbaker, 1934). Soybean yield 
trials should have one row on each side excluded (Hadjichristodoulou, 1993; 
Hartwig et aI., 1951; Bowman, 1991) as should corn for yield test (Bowman, 
1989). 
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Understanding the ecological concepts describing biotic components of 
plant interactions becomes very important in designing and managing multiple 
cropping systems (Gliessman, 1986). The first interaction observed in SI is the 
"Competitive Production Principle", which states that intercropped plants may not 
experience growth suppression if resource requirements of these two species are 
sufficiently distinct (Vandermeer, 1990). Less competition for water, nutrients 
and sunlight in intercropped ecosystems can lead to yield and/or quality 
improvements as compared to monocropping (Putnam and Allan, 1992). 
The second principle, called "The Facilitative Production Principle" applies 
when one species benefits directly from the modifying action of the other 
(Gliessman, 1985). For example, one species may influence the environment or 
resource availability for the other(s) (Vandermeer, 1989). Such a relationship 
can be demonstrated by nitrogen (N) transfer from intercropped legumes to non-
leguminous plants in the growing season (Ofori and Stern, 1989). Facilitation 
also results because legumes and non-legumes are compatible and do not 
compete for the same resources (soil N). An example of complementary 
resource use by two interacting non-leguminous plants was observed by Putnam 
and Allan (1992) while growing mustard and sunflower plants in adjacent strips. 
They reported a 61% yield increase in mustard rows bordering sunflower and a 
40% sunflower yield increase from rows bordering mustard compared to sole 
crop yields. Their complementarity is derived from unique canopy interception 
and root depletion zones. Competition and/or interference between crop species 
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is minimized in both space and time. 
The "Facilitative Production Principle" also considers other between-plant 
relationships. Crops produced in multiple cropping systems can benefit from a 
shading effect in hot, high-irradiance environments (Willey et aI., 1983); 
windbreaks in windy environments (Radke and Hagstrom, 1976; support of 
lodging-prone plants; use of tall species as support for climbing vine varieties 
(Francis, 1986); or modification of insect or weed pressure (Gliessman, 1985). 
Morphological, physiological and phenological adaptations play major roles 
in determining the compatibility of intercropped plants. Crop species and even 
varieties may respond differently to variable patterns of resource availability 
(Trenbath,1986; Stringfield,1927). These patterns are as follows (Carroll et aI., 
1990): 
a. Different timing of resource utilization. Resource competition between 
small grain (oat) and corn at the border position is minimized because these 
crops have temporally different life cycles. Oat intercepts light much earlier in a 
growing season than corn, which is usually planted weeks later. Time of 
maximum water and nutrient uptake for small grain is also earlier in the season 
than that of corn and soybean (Cruse, 1990). More efficient resource use can 
occur by planting crops that develop canopy cover sooner in the season (Clark 
and Francis, 1985) or that have crop maturity staggered (Sivakumar and Virmani, 
1980). Both of these mechanisms will maximize dry matter production per unit of 
photosynthetically active radiation (PHAR) incident over time. 
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b. Location of resource interception. Each plant species has a unique rooting 
system. The rooting system pattern controls water and nutrient depletion. Depth 
and density of a rooting zone is very critical as these affect water and nutrient 
interception and rhizosphere competition. Small grain and corn have fibrous root 
systems that can penetrate soil to a depth of 1.0 meter and a width of 0.5 meter. 
Leguminous plants have tap rooting systems which penetrate deeper than those 
characteristic of the Graminae plant family (Haynes, 1980). 
Relative plant height strongly influences the amount of intercepted light. 
Short and tall crops grown together, as grown in the SI system, can use sunlight 
in different patterns during the growing season. With common life cycles but 
different heights, two crops corn and soybean, grown in adjacent rows exhibit a 
competitive interaction. Soybean is shaded by taller corn, resulting in a 
significant reduction of soybean photosynthetic activity (Clark and Francis, 1985). 
Concurrently, the taller corn has a significant increase in photosynthetic activity. 
West and Griffith (1992) found corn yields at the border position increased by 
25.8% and soybeans at the same location reduced by 26.6%. Similar results 
were obtained by Pendleton et al. (1963) who reported a 20% corn yield increase 
and a 20 % soybean yield reduction at the border position. 
c. Rate of absorption. This factor is correlated with the morphological and 
phYSiological adaptation of a plant for more efficient use of natural resources. 
Crops belong to two physiologically distinct groups, differing by a photosynthetic 
assimilation mechanism. Corn belongs to the C4 group whereas legumes and 
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small grains belong to the C3 group of plants (Schibles and Anderson, 1993). 
C4 plants have tissue structure and leaf canopy modifications that allows more 
economic CO2 assimilation, better absorption of photosynthetically active 
radiation and more efficient storage and use of both of them (Schibles and 
Anderson, 1993). 
Planting two different height crops in adjacent rows will expose taller 
plants to more direct sunlight, therefore, the quantity of light and CO2 intercepted 
along a larger part of the shoot system is significantly increased compared to the 
same crop growing among plants with a common height (Vandermeer, 1989). 
Shorter plants bordering taller ones, however, might suffer from lower irradiance 
and assimilation due to the increased interception by the taller crops (Carroll et 
aL, 1990). 
Morphological adaptations of plant tissues stimulated by strip border 
conditions allow for more efficient exchange of gases and vapor with the 
environment (Chabot et aL, 1979). Corn grown adjacently to soybean has larger 
leaf area per stem and total leaf area than corn grown in the center (Van, 1994; 
Hall, 1990). 
d. Rate of growth. Usually the shorter crop in SI experiences a yield decrease 
as compared with the taller crop when both have similar life cycles (Ahmed and 
Rao, 1982; Willey et aL, 1983). For example corn grown at the outside row 
position, when bordering a shorter crop, is reduced in height compared to the 
center corn row (Van, 1994). Etiolation results in increased plant height and is a 
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plant adaptive mechanism for obtaining more light in a competitive environment 
(Niklas, 1992). This was confirmed by Jurik and Cruse in 1991 (unpublished 
data) and Van (1994) who observed negative relationship between total daily 
photon flux density (PFD) and plant height for corn and soybean grown next to 
each other. Soybean in the strip middle is not exposed to shading from the taller 
corn plant in the adjacent strip, therefore, the pattern of soybean height 
distribution across the strip is such that shorter plants grow in the center and 
taller ones on the outside rows (Van, 1994). Similar growth modification patterns 
for competitive environments might exist when two varieties of the same crop are 
planted in adjacent rows (Stringfield, 1927). A cultivar with a faster growth rate 
may outcompete another by putting it in a light- and nutrient-deficient 
environment. 
e. Yield response to variation in resource availability. Competition between 
plants will deplete natural resources and create a deficient environment for the 
weaker, less competitive one (Francis, 1986). Competition for water is a very 
serious problem in semi-arid environments (Hulbert and Remsberg, 1927). 
Garcia-Prechac (1991) reported that corn grown next to oat can experience 
yields reductions under dry conditions and yield increases under wet or normal 
conditions compared to strip center yields. Moisture effects on border yield was 
also analyzed by Fortin et al. (1994). They observed that the moisture shortage 
at the border position of corn and oat resulted in a 20% corn yield reduction 
compared to non-border rows, whereas a 26% yield increase occurred in a wet 
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year. The interaction between corn and soybean at border position will result in 
increased corn yield for a range of moisture availability. According to Lesoing 
and Francis (1990), corn at the corn-soybean border yielded 0.94 Mg/ha more 
than the center row when produced under irrigation, and only 0.31 Mg/ha more 
when grown without irrigation. This yield outcome might be explained by limited 
competition for moisture and nutrients by the two distinctively different root 
systems. 
The strip crop configuration can also modify field microclimate. Jurik 
(1994) found significant changes in wind speed and flux density of 
photosynthetically active light between strip border and center rows. Soil 
temperature, air humidity, and air temperature also varied slightly but were not 
Significantly different. 
Varying plant heights can influence wind speed and air movement across 
the strip affecting distribution of different gases in the atmosphere around plants 
and the rate of evapotranspiration (Jurik, personal communication). These 
changes may influence rate of photosynthesis (Ps). A windy environment might 
also stimulate morphological adaptations of plants to withstand such stressful 
conditions. Corn plants growing at a strip border position have reduced height 
when compared to corn plants surrounded by other corn plants. Shorter plants 
result from shorter internodes (Niklas, 1992). Additionally, outside plants develop 
thicker stems which are more capable of withstanding the wind without breaking 
(Niklas, 1992). 
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The quality of light intercepted by the growing crop might also significantly 
differ by strip position depending on a solar conditions related to weather and 
changes during the day (Van, 1994). On a sunny day (PFD more than 30 
mole/m2), both direct and diffuse light is intercepted by plants, whereas on a 
cloudy day only diffuse radiation reaches the ground. Because of uneven solar 
radiation distribution related to cloud coverage, better quality light with sunny 
conditions will stimulate increased competition for PHAR between plants which, 
in turn, results in significant yield differences between border and center 
positions in a strip. Additionally, corn neighboring shorter soybeans has a higher 
yield due to differences in size and the photosynthetic mechanism (Schibles and 
Anderson, 1993). Soybean yield increases with distance from the corn row, 
close to which the lowest soybean yields are reported (Van, 1994). On a cloudy 
day however, this competition is minimized due to the diffuse light distribution 
which results in lower radiation differences between row yields. Concurrently, 
the lower irradiance received reduces the yield across the entire strip. Van 
(1994) found that on a cloudy day corn had similar photosynthetic flux density 
(PFD) across the strip, but corn from the outside row received more PHAR. 
The west border of a strip oriented north-south obtains most of the light in 
the afternoon hours. When the air temperature is fairly high, therefore, stomata 
are closed and photosynthetic activity of plant slows down, in order to minimize 
water losses due to the process of evapotranspiration (West and Griffith, 1992). 
Strip orientation also influences the yield of bordering rows. Garcia-Prechac 
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(1992) suggested that there are not significant differences in yield between N-S 
and E-W strip orientation for Iowa conditions, however, recent research 
completed in Minnesota shows that N-S direction of rows is more advantageous 
for corn yield than is other strip orientation options (Cruse, personal 
communication). 
In order to maximize use of all the natural resources in a most efficient 
way, an emphasis ought to be put on the thorough management of agricultural 
ecosystem of intercropped plant species (Gliessman, 1985). All the growing 
factors described above should be considered while planning crop sequence for 
a strip intercropping system. 
Crop rotation as one of the major factors contributing to the system 
Annual crop rotation among strips is an important technique for improving 
yield in strip intercropping. Crop yields reported for both corn and soybeans in a 
corn-soybean rotation, for example, are increased by ten to fifteen percent as 
compared to monoculture production of the same crops (Crookston and Kurle, 
1989; Bhowmik and Doll, 1982). However, to obtain better yields, proper crop 
sequence must be identified (Pierce and Rice, 1988). The phenomenon of yield 
modification related to rotations has been described and termed a "rotational 
effect" (Crookston et al.,1991; Bromke et aI., 1995). 
For most plant species commonly grown in the Midwest, crop rotation 
18 
enhances growing conditions for the succeeding crops. Factors which seem to 
be improved most have their origin in the soil (Edwards et aI., 1988). Rotating 
crops can influence the use pattern of natural resources, due to plant 
morphological, biochemical and phenological adaptations. These adaptations 
can result in increased soil penetration by roots as well as improved water and 
nutrient uptake by the following crop (Copeland and Crookston, 1992). 
Improved performance of the root system also has an impact on some 
plant physiological functions. Research by Copeland and Crookston (1992) 
showed that a corn-soybean cropping sequence affected plant nutrient 
concentration and accumulation of N, P and K, especially at early vegetative 
growth stages. 
In general, crop rotations affect soil moisture (Sperow, 1983); soil structure 
and soil erodibility (Dick and Van Doren, 1985; Griffith et aI., 1988); as well as 
soil nutrient availability (Bolton, 1976; Copeland and Crookston, 1992). 
Additionally, positive rotation effects on weed and plant disease suppression 
(Francis and Clegg, 1990); disruption of pest life cycles (Francis and Clegg, 
1990); and the abundance of microorganisms in soil (Cook, 1984; Williams and 
Schmitthenner, 1963) are reported frequently. 
Crop residues are major contributors to soil property improvement 
(McCracken, 1995). Residues left on the soil surface form a surface cover which 
protects soil against raindrop impact and crust formation. The improved surface 
soil conditions increase infiltrability, decrease runoff, and reduce water losses 
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from evaporation (Lal et aI., 1987). 
Chemical composition of crop residues remaining on the field may have a 
significant effect on development of the succeeding crop (Rao and Willey, 1980). 
Some of the residues contain water-soluble substances which can suppress 
germination and early growth of selected plant species (corn residues in corn 
monocropping)(Guenzi and McCalla, 1966; Yakle and Cruse, 1984) or enhance 
germination (soybean residues and corn germination) (Crookston and Kurle, 
1989; Cruse et aI., 1985). 
Crops selected to be grown in rotation should additionally provide a 
significant amount of live ground cover which also usually benefits soil properties. 
The presence of a live ground cover early in spring and late in fall becomes an 
important source in internal nutrient recycling (Stinner and Blair, 1990). This 
factor can significantly reduce the quantity of nitrate leached out beyond the root 
zone (McCracken et aI., 1995; Kanwar, 1995). 
Improvement of the soil nitrogen status to minimize the amount of fertilizer 
required is another important advantage of rotations (Hesterman et aI., 1986). 
Use of legumes in the system is one of the most commonly used practices. 
However, non-leguminous crop species can also have an impact on the soil 
nitrogen status. Wilson and Wilson (1928) reported lower soil N content from 
sorghum residues than from corn residues which was interpreted as the result of 
enhanced soil microbial oxidation. This process caused an increased demand 
for nitrogen by microorganisms and rapid nitrogen depletion from the soil. 
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Legume contribution into the system 
Legumes provide their own nitrogen by developing a meticulous plant-
bacteria symbiotic association in which bacteria fix dinitrogen gas (N2) from the 
earth's atmosphere. This process is frequently efficient enough to furnish 
legumes with significant amount of nitrogen in form of ammonium (NH4 +) (Jarrell, 
1990). It is also conceivable that legume roots are "leaky" so the nitrogenous 
compounds are excreted into the soil, thus becoming available to non-legume 
plants for direct uptake (Whitehead, 1970). The process of nodule senescence 
can also contribute a significant amount of N to the intercropped plants (Haynes, 
1980). The main N contribution however, related to the crop production, comes 
from decomposition of leguminous plant residues upon which N is released and 
made available for the succeeding crop (Vandermeer, 1989). 
Benefits of using legumes in rotation have long been recognized and 
applied into the agricultural production. Use of cover crops and green manure as 
well as "ley farming" (rotating cropping with pasture) are a few examples of 
legume contribution (Carroll et aI., 1990). 
The amount of N contributed for the succeeding crop in rotation sequence 
is variable and often depends on legume species grown and goal of production 
and management methods (which also refers to the harvesting pattern) 
(Hargrove, 1986; Bruulsema and Christie, 1987). An attempt to estimate legume 
N input to a rotation has led to development of several methods to quantify this 
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value (Bundy et aI., 1993; Stickler et aI., 1959). By quantifying legume N, an 
adequate evaluation of the N contribution can be made and better fertilization 
recommendations can be developed to limit overfertilization (Rice et aI., 1995). 
Stickler et al. (1959) estimated that the average inorganic N contribution from 
various legumes in the first and second year of corn ranged from 21 to 68 kg/ha. 
Mitchell and Teel (1977) reported that corn grown without fertilizer following 
crimson clover or hairy vetch can yield as much as corn grown following rye or 
oats with 112 kg of fertilizer N/ha. Another paper shows that corn following hairy 
vetch obtained N equal to 90 - 100 kg/ha of fertilizer and yielded as much as 
when grown after wheat with 135 kg N/ha added (Tyler et aI., 1987) or when 112 
kg N/ha was applied to corn stover (Ebelhar et aI., 1976). 
As mentioned previously, N release from legume debris left on the field 
after harvest is related to the rate of residue decay and mineralization (Oyer and 
Touchton, 1990). The amount of residues remaining differs from one 
management practice to another and depends on whether field operations are 
applied to the crop during the growing season or to the plant residues after the 
vegetation has died. The estimated quantity of legume N released depends on 
the number of legume hay cuttings during the growing season, density of 
planting and potential for plant regrowth after the last harvest (Cruse, 1990). 
Additionally the tillage method applied after the harvest and its timing can be 
critical to residue decomposition and N availability to succeeding plants (Griffith 
et aI., 1988). Chemical composition of plant residues may also significantly 
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impact the rate of turnover and N mineralization. Younger plants, which have not 
undergone lignification and senescence, may decompose at a faster rate and 
contribute more available N than much older ones containing significant amounts 
of resistant components (Rice et aI., 1995). The process of decomposition is 
also correlated with climatic conditions, soil type and amount of water available 
(Sperow, 1983). 
Prediction of N release from plant residues over time is very important in 
predicting compatibility of released N with nitrogen demands of the succeeding 
crop (Fox et aI., 1989). The most critical time of nitrogen uptake in corn occurs 
before silking, and that is when most of the mineralizable N from legumes is 
available (Brown et aI., 1993). The best way to predict the availability of legume 
N is to perform a mineralization essay by incubating residues (Peterson and 
Russelle, 1991). This "ex ante" method is very helpful in evaluating the potential 
of plant mineralization. However, the quantity of N available is only relative, due 
to the enhanced conditions for microbial growth during incubation. A very 
reliable "ex post" test for determining nitrogen sufficiency for corn over the 
growing season is end-of-season stalk nitrate test (Blackmer and Mallarino, 
1994). By correlating the nitrate concentration at the basal stalk with corn yield, 
information on the N sufficiency for corn yield can be determined. 
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OBJECTIVES 
The main objectives of this study were to: 
1. Identify N contribution from the corn forecrop which includes legume in the 
SI system; 
2. Determine performance of corn grown in three different rotations; and 
3. Identify row position effects on grain yield, ears per plant, nitrogen status, 
and grain quality of corn. 
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MATERIALS AND METHODS 
A field study was conducted from 1992 through 1994 at the Northeast 
Iowa Research Station in Nashua. The experimental area was located on the 
Kenyon series (fine-loamy, mixed, mesic Typic Hapludoll) with a maximum 2% 
slope. Soil analyses indicated that sufficient quantities of phosphorus (P), 
potassium (K), magnesium (Mg), and calcium (Ca) were present for optimal crop 
growth. Ridge tillage was used for row crops. Average monthly precipitation, air 
temperature data, and solar radiation conditions (Local Climatological Data, 
1992, 1993, 1994) are presented in Figure 1. In the experimental design the 
main plots represented three different crop rotations in the SI system. Crop 
rotations used were as follows: corn (Zea mays L.). soybean (Glycine Max [L.] 
Merr.), oat (Avena sativa L.) with a mixture of oat and hairy vetch (Vicia villosa 
Roth) seeded as a cover crop after oat harvest (ROT 1); corn-soybean (ROT 2); 
and corn-soybean-oat interseeded with berseem clover (Trifolium alexandrinum) 
companion crop (ROT3). Berseem clover is of Mediterranean origin, lacks winter 
hardiness and produces significant biomass. Its last regrowth can remain on a 
field, providing vegetative cover to minimize erosion. Hairy vetch is capable of 
producing over-winter ground cover which, after winter, can produce additional 
spring growth. All rotations were established in an arrangement of crop strips 
with fixed dimensions. Strips were 4.57 meters (m) wide, were 60 m long, and 
contained six rows of both corn and soybean as well as 24 rows of oat (with or 
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Figure 1: Weather conditions. Monthly for 1992-1994 and 30 year average. 
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without legume). Distance between rows in row crop production (corn and 
soybean) was 0.76 m, whereas for drilled oat the distance was 0.19 m. Strip 
direction was north - south. Crop orientation in the SI was arranged in a fixed 
pattern, i.e., crop position was not randomly assigned in each replication. This 
way, soybean always grew west of and small grain strip grew east of corn. ROT 
2 was the exception due to the presence of only two crops in the rotation. 
Soybean was found on both sides of the corn strip. 
Each main plot (rotation) had four replications in a block arrangement. 
Each block consisted of a complete set of three or two crop strips (depending on 
rotation) with a border strip on each side of each rotation. Corn strips were 
subdivided into four subplots, each 15 m long. Four nitrogen rates (0; 56; 112; 
and 168 kg N/ha) in the form of inorganic fertilizer were hand applied to the 
subplots, prior to CUltivation (Figure 2). 
Crops were planted at the following rates: corn at 75,000 seeds/ha; 
soybean 370,000 seeds/ha; oat 135 kg/ha; berseem clover 17 kg/ha. An 
oat/hairy vetch mixture was planted at a density 100 kg/ha of oat and 35 kg/ha of 
hairy vetch after oat harvest. Basic field management operations for each crop 
are presented in Tables 1-4. Due to a high weed population early in a spring 
1993, weeds were chemically treated prior to planting. Otherwise, pre-
emergence herbicide treatment was band applied (0.254 m band center over 
each row) each year at planting time for corn and soybeans, followed by 
subsequent inter-row cultivations during the growing season used for controlling 
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Table 1: Corn strip field management practices (1992-1994). 
1992 1993 1994 
CORN HYBRID Pioneer 3475 Golden Golden 
Harvest 2390 Harvest 2343 
PREPLANT none Glyphosate 1 none 
HERBICIDE TRT. 
Time of applicat. end of April 
PLANTING TIME beginning of May middle of May beginning of 
May 
CHEM.CONTROL Alachlo~ Alachlor Alachlor 
Time of applicat. with planting with planting with planting 
H.V.CHEM.CONTR. 24-03 , 2,4-0 2,4-0 
Time of applicat. beg. of June middle of May beg. of June 
NITR.APPLICATION ammon.nitrate ammon. nitrate urea 
Time of applicat. middle of June middle of July mid. of June 
CUL TIVATIONITIME first - mid. June first - beg. July first - mid.June 
second - end second - mid. second - mid. 
June (ridges July (ridges June (ridges 
rebuilt) rebuilt) rebuilt) 
HARVESTING TIME end of October end of October end of 
September 
1/_ N-(phosphonomethyl) glycine; 
2/_ 2-ch loro-2' ,6' -d iethyl-N-( methoxymethyl)aceta n i lide - banded at planting; 
3/_ (2,4-dichlorophenoxy) acetic acid; 
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Table 2: Soybean strip field management practices (1992-1994). 
1992 1993 1994 
SOYBEAN HYBRID Sansegaard Sansegaard Sansegaard 
S2062 S2062 S01237 
PREPLANT TRT. none Glyphosate none 
Time of applicat. none end of April none 
PLANTING TIME middle of May middle of May middle of May 
CHEM.CONTROL Pursuit1 Pursuit Pursuit 
Time of applicat. with planting with planting with planting 
FIELD rotaryhoed- single cultivat.- double cultiv.-
OPERA TIONS-
Time of ope rat. middle of June beginning of July beginning of 
June 
double cultivat.- double cultivat.- single cultivat.-
end of June middle of July middle of June 
(ridges rebuilt) (ridges rebuilt) 
double cultivat.-
end of June 
(ridges rebuilt) 
HARVESTING TIME middle October begin. October mid. September 
1/_ 2-[4,5 dihydro-4-methyl-4-( 1-methylethyl)-5-oxo-1 h-lmidazol-2-y1 ]-5-
ethyl-3-Pyridinecarboxylic acid 
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Table 3: Oatloat + hairy vetch strip field management practices (1992-1994). 
1992 1993 1994 
OAT VARIETY Troy Troy Troy 
PLANTING TIME begin. April end of April mid. April 
HARVEST TIME begin. August end of July mid. July 
H.V. planting end of August mid. September mid. August 
Table 4: Berseem clover in oatlberseem clover strip field management 
practices (1992-1994). 
1992 1993 1994 
BERSEEM Bigbee Bigbee Bigbee 
CLOVER VARIETY 
PLANTING TIME begin. April end of April mid. April 
HARVEST middle August begin. August mid. July 
Baling straw middle August end of August end of July 
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weeds and rebuilding ridges. Hairy vetch (H.V.) spring regrowth (ROT 1) 
was controlled by applying herbicide one week after corn was planted. No 
herbicides were applied in the oat/legume treatment. 
Measurements 
In 1993 and 1994 soil nitrate (N03') concentration was monitored in the 
corn control subplot (0 kg N/ha). Samples were taken from early spring until 
fertilizer application (middle of July in 1993 and middle of June in 1994). Every 
other week, eight composite soil core samples from each plot (1.9 cm diameter) 
were taken from the 0 - 30 cm depth. Nitrogen-N03 was then extracted from 
oven dried and finely ground soil (passed through 2 mm mesh) by using in 1993 
extracting solution which contained 0.025 moles/L aluminum sulphate (AI2(SO 4)3) 
and 0.02 moles/L boric acid (H3804) (Mills, 1980). Soil extract was then filtered 
and analyzed with a Hach nitrate electrode attached to Fisher Scientific Accumet 
pH meter. In 1994 the procedure for soil nitrate analysis was changed. Soil 
extracting solution contained 2.00 moles KCI, filtered through Whatman #5 paper 
and analyzed for nitrate by using Lachat flow-injection procedure (Lachat 
Instruments, Milwaukee, WI; Method 12-107-04-1-8). Composite 8 soil core 
samples were also collected, one from each replication and treatment, in April 
1994 and analyzed for total N, %C, ammonia and pH. Samples for ammonia, pH 
and total N determination were oven dried, passed through 2 mm mesh and 
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analyzed for ammonia by using Lachat flow-injection procedure (reference as 
above); acidity by using Fisher Scientific Accumet pH meter (reference as 
above); and total N by acid Kjeldahl digestion (Page et aL, 1982). Samples used 
for %C were finely ground, sieved through a #100 mesh and analyzed by using a 
wet combustion method (Page et aL, 1982). 
Corn plant population and number of ears were counted in every row in 
each subplot separately in 1993 and 1994. Measurements were obtained from 
the center 12 m of each row. 
Before harvesting and one to two weeks after black layer formation in all 
three years of the experiment, basal stalk samples for conducting the end-of-
season basal stalk nitrate test were taken (Blackmer and Mallarino, 1994). To 
determine the position effect, sampling was performed row by row, each 12 m 
long, except for the two center rows from which one combined sample was 
taken. Each sample contained 6 randomly selected stalks. Samples were 
collected by cutting a section of each stalk from 0.15 m to 0.35 m above the 
ground. This resulted in a stalk sample 0.2 m long with its leaves removed 
(Binford et aL, 1992). Samples were then oven dried at 60DC and finely ground 
with a Willey mill to pass a 1.0 mm mesh. The extracting solution used for this 
analysis was 0.025 molar AI2(S04)3. Filtered plant extract was treated with 2.0 
molar ammonia sulphate to minimize the ionic strength of the solution. Nitrate 
nitrogen was determined by using ORION nitrate electrode - model 9307 (ORION 
Research Inc., Boston, MA). Corn grain yield was also harvested one row at a 
33 
time, from each main plot and subplot. Grain yield and moisture content was 
obtained using a one-row plot combine equipped with an electronic sensor 
attached to its weighing device. After that, grain yields were calculated and 
adjusted to the 15.5% moisture content. 
To evaluate plant nitrogen sufficiency, a corn grain quality test was 
performed on samples from selected fertilizer subtreatments and positions in 
1994. At harvest, samples from N rate subplots of 0 and 112 kg N/ha and from 
each of three positions in the strip (west, center combined, and east) were taken 
in all rotation treatments. Air dried grain samples were scanned using an 
Infratec Analyzer, model 1225 (Tecator, Sweden) for determination of moisture 
content, protein, oil and starch concentration as well as volumetric density (g/cc). 
All these indices were then adjusted to 15.5% moisture basis. 
Statistical analysis 
The design was a randomized split plot block design with four 
replications. Data were analyzed using the Statistical Analysis System (SAS 
Institute, 1982) with an analysis of variance procedure. Mean comparisons were 
done by using selected orthogonal contrasts amongst main treatments (three 
rotations) and amongst splits within the four N rate subtreatments. Means were 
separated by using least significant difference test (LSD) at the 0.05 probability 
level. While evaluating the influence of rotation and N rate contribution into the 
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SI system, data from four central corn rows in each strip were pooled and 
analyzed, so border effects from neighboring crops would be eliminated. 
Relative yield response to fertilizer N rate was determined by evaluating linear 
and quadratic models. If trends were significant, then regression equations were 
calculated. The position factor was constant in relation to the other positions, i.e. 
not randomized, and therefore, not considered as split option in this experiment. 
However, while making the between-row analysis, a split block design was used 
and analysis of variance along with orthogonal contrasts was performed. Row 
means were separated using LSD tests at 0.05 probability level. 
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RESULTS AND DISCUSSION 
Soil nitrate concentration 
Statistical analysis of soil nitrate concentrations is presented in the 
Appendix, Table 1A. Both years experienced abnormal weather conditions which 
resulted in low soil nitrate concentrations (Table 5; Figure 3). In 1993 excessive 
rainfall (Figure 1) contributed to the nitrate loss through run-off and leaching. In 
1994, due to much drier conditions at planting, the herbicide effectiveness was 
reduced resulting in an abundant dandelion (Taraxacum officina/e Web.) 
population. Rainfall and solar conditions were not limiting for crop growth in 
1994 (Figure 1). The average soil [N03-] following the cover crops was 6.5 ppm 
in 1993 and 7.3 ppm in 1994, which is about 3-4 ppm lower than the 10 ppm 
reported by Ebelhar et aI., in 1984. Both years soil [N03-] was gradually 
decreasing with time in a similar pattern. While the growing season progressed, 
the highest concentration of [N03-] was reported when corn was in V6 stage (6 
leaves fully developed), just before the fertilizer application. Release of nutrients 
from organic matter as the soil warmed likely occurred. The lowest concentration 
occurred at the last time of sampling both years, ranging from 2.3 ppm in 1993 to 
2.6 ppm in 1994. This likely resulted from rapid uptake by corn as it entered the 
reproductive stage of growth (Ritchie and Hanway, 1982). Statistical analYSis of 
data combined across years identified a significant rotation effect. The highest 
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Figure 5: Nitrate concentration in soil (1993 and 1994). 
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concentrations were observed in ROT2 and ROT3 and ranged between 7.6 and 
7.4 ppm and the lowest in ROT1 averaged 5.9 ppm. These differences might 
result from differences in residue quantity and decomposition rates in early 
spring. The highest nitrate concentration in 1993 occurred under ROT3 (8.2 
ppm), significantly different than ROT2 (6.9 ppm), followed by ROT1 (4.6 ppm). 
In 1994 however, due to the weed growth in ROT3, ROT2 and ROT1 had the 
highest concentration ranging from 8.2 - 7.3 ppm, followed by ROT3 where 6.7 
ppm was observed. Weeds in ROT3 plots likely contributed to the significant 
[N03-] depletion. 
Soil chemical composition from the three different rotations was analyzed 
in the spring before corn was planted (Table 6). Statistical analysis of these data 
showed no significant differences between treatments (statistical analysis not 
presented). All soils seem to have high potential for mineralization, based on 
C/N ratio lower than 30 (the borderline between mineralization and 
immobilization) (Killham, 1994). However, certain nutrient concentration patterns 
related to rotation may be observed. The concentration of ammonia, % of 
carbon and total nitrogen was highest in ROT3, followed by ROT2. Low nitrogen 
concentration in ROT1 might be due to poor fall hairy vetch growth for winter 
cover. Hairy vetch regrowth early in the spring might have significantly depleted 
soil of water and nutrients. Similar results and conclusions were made by 
Hesterman et al. (1992). Killing hairy vetch a week after the corn was planted, 
might accelerate legume biomass decomposition and nutrient release to the soil, 
39 
Table 6: Chemical analysis of soil sampled on April 7, 1994 averaged across 
reps. 
ROTATION NH + 4 pH % total N C/N (ppm) carbon (ppm) ratio 
ROT1 10.74 6.10 3.45 1377 25.05 
corn-soy-oatloat+h.v. 
ROT2 14.27 5.93 3.98 1839 21.64 
corn-soybean 
ROT3 19.96 6.05 4.63 2000 23.15 
corn-soy-oatlb.clover 
however, timing of this chemical turnover and nutrient availability is hard to 
predict. Brown et al.(1993) found that frost seeded hairy vetch increased soil 
nitrate concentration between 50 and 64 days after planting in a season of 
normal precipitation and between 50 and 78 days when the season was dry. At 
this time 'corn development is beyond silking (Ritchie and Hanway, 1982), 
therefore, hairy vetch residue decomposition probably results in little additional N 
being available for plant growth in the same growing season. Additionally, hairy 
vetch establishment in the previous growing season is very temperature- and 
moisture-dependent. Glendining and Mytton (1989) found that inoculation and 
Rhizobium nodulation might be very limiting under water stress conditions, as 
well as with extreme low or high temperatures. Hairy vetch stand in the spring 
was poor in 1993 compared to that for 1992 and 1994. 
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Corn response to legume and fertilizer nitrogen 
Year effect on measured corn data and interaction of year x rep, year x 
rep x trt, and year x rep x trt x N (error terms) were significant (except for the 
grain quality), therefore, analysis was done for each year separately. Statistical 
output for every parameter measured is presented in the Appendix. 
Corn grain yields 
Corn grain yields were influenced by rotation and nitrogen level in 1992 
and 1993 but only by nitrogen level in 1994 (Appendix, Table 2A,3A,4A). In 
1992, corn grain yield was highest in ROT3, which, along with ROT2, had 
significantly higher yields than did ROT1 (Table 7). ROT3 yields were 2.3% 
higher than ROT2 and 28.1 % higher than in ROT1. A similar trend was 
observed in 1993, however, corn yields in ROT3 were significantly higher than 
those for ROT1 and ROT2, 47.1% and 49.6% higher respectively. There were 
no significant yield differences between rotations in 1994. Statistical analysis of 
corn yield data combined for al\ three years (Table 7; Appendix, Table 5A) shows 
that corn-soybean-oat underseeded with berseem clover yielded significantly 
higher than ROT1 (by 21.4%) and ROT2 (by 17.4%). 
There was no rotation x fertilizer N rate interaction in any year, 
suggesting that corn from all three rotation treatments responded to fertilizer N 
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in a similar pattern. Looking at the corn yield response when no nitrogen was 
applied, ROT3 produced 24.6% higher yield than ROT2 and 24.3% higher yield 
than ROT1 (Table 8). Even though these differences are not statistically 
significant, such results may be related to organic matter contributed through 
greater biomass production by berseem clover in ROT3 than by the oat and 
Table 7: Corn yield observed in various rotations averaged across all reps 
and N rates (Mg/ha). 
ROTATION 1992 1993 1994 Avg 
ROT1 7.03b* 3.27b 7.74 6.01B 
corn-soy-oat/oat + h. v. 
ROT2 9.50a 3.11 b 6.36 6.32B 
corn-soybean 
ROT3 9.78a 6.18a 7.01 7.65A 
corn-soy..:oat/b.clover 
*, -means in a column followed by the same letter are not significantly different at the 0.05 level of probability. 
hairy vetch mixture (ROT1) (Sawchik, 1994). Additionally, difference between 
treatments may be related to the increased water removal by the live hairy vetch 
ground cover in the spring. Hairy vetch presence seems beneficial on poorly 
drained soils or in years with abundant precipitation (Hargrove and Frye, 1987), 
but may lower soil moisture in dry springs (Ebelhar et aI., 1984). A large part of 
nitrogen excreted by fall planted legumes can be directly absorbed by 
interplanted small grains. Up to 38% of nitrogen absorbed by small grains may 
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occur through this mechanism (Pierce and Rice, 1988). Additionally, 
Holderbaum et al.(1990) found that the inclusion of small grain with legume 
generally reduces corn grain yields compared to pure legume cover when no 
additional fertilizer or 90 kg N/ha is applied, due to N immobilization during the 
wheat straw decomposition. Corn-soybean rotation effect is repeatedly cited in 
literature as an advantageous interaction between crops that leads to yield 
improvement. In this research the corn-soybean rotation wasn't the highest 
yielding treatment. Crookston et al. (1991) found that the effect of soybean 
residues on corn yield is strictly correlated with the location of the study and the 
site specificity. Other observations suggest the advantageous interaction in a 
corn-soybean rotation can not be attributed to beneficial or negative effects of 
above-ground residues (Crookston and Kurle, 1989). The conclusion of this 
research was, that it may relieve the negative effect of continuous corn cropping 
without making any positive, growth-regulatory contribution to the yield of the 
following crop. Other research (Rice et aI., 1995) proved that the contribution of 
soybean residue to corn grain yield and N uptake was low and dependent on the 
soil type. Because of the high fertility and organic matter content of the soil in 
the experimental site the effect of the corn-soybean rotation may not be 
recognizable. Another aspect of yield differences between rotations relates to 
the fact that ROT3 and ROT1 contains three crops in the crop sequence, as 
opposed two in the corn and soybean rotation. Crookston et aI., (1991) 
suggested that a three crop sequence is superior for Minnesota conditions and 
Table 8: 
ROTATION 
ROT1 
ROT2 
ROT3 
MEAN 
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Corn yield observed in three rotations and four nitrogen rates: 0, 56, 
112 and 168 kg/ha on corn grain yield (Mg/ha). 
N 1992 1993 1994 AVG 
RATE 
0 5.13 2.42 5.44 4.33 
56 6.54 2.43 7.10 5.36 
112 8.27 4.52 8.76 7.18 
168 8.19 3.70 9.69 7.18 
0 7.93 1.49 3.74 4.31 
56 9.83 2.66 6.14 6.05 
112 10.12 3.45 7.39 6.93 
168 10.11 4.86 8.15 7.66 
0 7.91 4.42 4.83 5.72 
56 10.33 6.11 7.18 7.88 
112 10.70 6.30 7.83 8.30 
168 10.17 7.87 8.18 8.74 
0 7.06b" 2.78c 4.67c 4.79c 
56 8.90a 3.73b 6.81b 6.728 
112 9.70a 4.76a 7.99a 7.46A 
168 9.49a 5.47a 8.66a 7.86A 
., - means in a column followed by the same letter are not significantly different at the 0.05 level of probability. 
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results in 15 - 17% better yields than for two crop rotations and monoculture. 
In all experimental years, yield response to fertilizer N was similar showing 
significant differences between N rates. There is a significant difference in corn 
yield between 0 and other fertilizer N rates applied in 1992, whereas in 1993 and 
1994 and in the combined years analysis, significant differences were also 
reported between 0 and 56 kg N/ha. Nitrogen rate application higher than 112 
kg/ha did not significantly influence the yield in any of the years. Lack of grain 
yield response to fertilizer rate higher than 112 kg/ha might be explained by the 
presence of a legume forecrop contributing fixed nitrogen in addition to the 
fertilizer nitrogen. The possibility of lUxury consumption by corn exists at high N 
rates applied (Cerrato and Blackmer, 1990). However, Blevins et al. (1990) 
observed that corn yields with legume cover crops were high even at high N 
rates. Similar results were reported by Ebelhar et al. (1984). 
Linear and quadratic regression equations for relative grain yield as a 
function of fertilizer N applied were obtained for each rotation in each year and 
all years combined (Table 9; Figure 4). The relative yield values were expressed 
as a percentage of the grain yield obtained for 168 kg of N/ha for all 3 rotations 
for each year separately. Estimated R square values for the linear response 
were lower than for quadratic function and ranged from 0.53 to 0.99 (Data not 
presented). The quadratic regression improved the fit and R square values for 
each rotation and ranged from 0.61 to 1.00. All equations seem to have high 
intercept values and small linear and quadratic coefficients, which would indicate 
Table 9: 
ROTATION 
1992 
ROT1 
ROT2 
ROT3 
1993 
ROT1 
ROT2 
ROT3 
1994 
ROT1 
ROT2 
ROT3 
1992-1994 
ROT1 
ROT2 
ROT3 
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Regression equations and R square values for relative yield 
response to N rate and rotation treatment in years 1992 - 1994. 
QUADRATIC EQUATION 
-0.0013x2 + OA158x + 52.885 
-0.0016x2 + OA010x + 84.105 
-0.0025x2 + 0.5501x + 83.911 
-0.0012x2 + 0.3964x + 39.650 
-0.0003X2 + 0.2976x + 28.115 
-0.0002X2 + 0.3843x + 82.770 
-0.0007X2 + OA198x + 61.810 
-0.0015x2 + 0.5515x + 43A85 
-0.0018x2 + 0.5230x + 56.505 
-0.0010X2 + OA106x + 53A45 
-0.0010X2 + OA223x + 55.250 
-0.0017x2 + 0.5073x + 73.910 
R 
square 
0.97 
0.97 
0.99 
0.61 
0.99 
0.93 
1.00 
1.00 
0.98 
0.94 
1.00 
0.97 
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little response to fertilizer N. The curve shape suggests that grain yield 
increased as fertilizer N rate rose to 112 kg N/ha where then it remained 
constant. When berseem clover is a corn forecrop the intercept (yield at 0 
kg/ha)is much higher, the slope of the regression line is smaller and the 
response plateau is obtained at a lower fertilizer rate. McVay et al. (1989) 
obtained similarly shaped response curves while analyzing the effect of rotation 
and N fertilizer application on yield. 
Number of ears per plant 
Grain number and ear number are both closely correlated with grain yield 
(Schibles and Anderson, 1993). These factors are very susceptible to 
environmental stresses. They are more frequently susceptible than the grain 
growth component. Timing of nitrogen availability as well as slight moisture 
stress might influence the differentiation process, the first process that 
determines the number of ears and kernels. If the unfavorable conditions 
continue after the differentiation process the plant can abort some structures 
influencing the final number of fruiting bodies. The number of reproductive 
structures is favored by an abundance of nitrogen during the differentiation 
period which supports ear development and prevents ear abortion (Schibles and 
Anderson, 1993). 
The number-of-ears-per-plant response to rotation was not significantly 
4S 
affected by year, however, N rate had a significant influence on this parameter 
(Table 10; Appendix, Table 6A, 7A, SA). There was a significant difference in 
number of ears per plant between 0 kg/ha and other fertilizer N rates applied in 
both 1992, 1993 and in the combined year analysis (Table 11). Nitrogen rate 
higher than 56 kg/ha did not significantly influence number of ears per plant. The 
combination of N application and sufficient water during differentiation and soon 
thereafter when ears are susceptible to abortion may have affected this 
observation. Ear/plant in 1993 was significantly lower than in 1994 which might 
be explained by the abundant rainfall in 1993 nitrate leaching beyond the root 
zone. The amount of PHAR also has a significant influence at the process of 
differentiation (Schibles and Anderson, 1993). In July 1993 the percentage of 
possible sunshine was lowest and number of cloudy days highest compared to 
1992 and 1994 (Figure 2). Therefore, solar conditions in 1993 and may have 
affected the results. 
Table 10: Number of ears per plant as affected by rotation in years 1993 and 
1994. 
ROTATION 1993 1994 Avg 
ROT1 0.781 0.947 0.864 
ROT2 0.799 0.90S 0.854 
ROT3 0.914 0.926 0.920 
* I means in a column followed by the same letter are not significantly different at the 0.05 level of probability. 
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Table 11: Number of ears per plant as affected by nitrogen rates. Each value is 
an average across rotations. 
ROTATION N RATE 1993 1994 AVG 
ROT1 0 0.682 0.925 0.804 
56 0.741 0.940 0.841 
112 0.844 0.966 0.905 
168 0.854 0.956 0.905 
ROT2 0 0.582 0.787 0.684 
56 0.823 0.941 0.882 
112 0.878 0.962 0.920 
168 0.911 0.943 0.927 
ROT3 0 0.859 0.882 0.870 
56 0.916 0.932 0.924 
112 0.943 0.961 0.952 
168 0.936 0.927 0.932 
MEAN 0 0.708b 0.864b 0.786B 
56 0.827a 0.938a 0.882A 
112 0.888a 0.963a 0.926A 
168 0.901 a 0.942a 0.921A 
", means in a column followed by the same letter are not significantly different at the 0.05 level of probability. 
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There was a significant interaction between rotation treatment and fertilizer 
. N rate each year suggesting that each treatment was responding differently to 
the increasing rate of nitrogen (Table 11). In 1994 the highest number of 
earsper plant at 0 kg N/ha was reported in ROT1 (0.925), followed by ROT3 
(0.882) and ROT2 (0.787). Differences between rotations when no nitrogen is 
applied may be caused by the amount of N available for plants at differentiation 
time. Nitrogen availability however can depend on the rate of nutrient release 
from decomposing residue as well as the plot maintenance, i.e. weed control. 
The analysis of years combined didn't follow the same rotation sequence when 0 
kg N/ha was applied as that for 1994, which suggests a variety of factors 
influenced number of ears per plant. The highest number of ears per plant when 
averaged over years was reported in ROT3, followed by ROT2 and ROT1. 
Number of ears per plant at 0 kg N/ha in ROT3 was nearly equal that of ROT2 
when 56 kg N/ha was applied and more than that for 56 kg N/ha in ROT1. In 
1994 the interaction between ROT1 and N rate showed an increasing number of 
ears per plant up to 112 kg N/ha application rate. At the 168 kg N/ha the 
number of ears formed on each plant decreased 1 % as compared with result 
obtained at 112 kg N/ha, although these differences were not significant. A 
similar trend was reported for the other two rotation treatments in 1994. Schibles 
and Anderson (1993) suggest that during differentiation, supplying essential 
nutrients in certain proportions would slow the process of vegetative development 
and initiate the process of reproduction. Such reasoning suggests that at 168 kg 
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N/ha excess N may have stimulated the continuation of vegetative growth 
. decreasing the number of reproductive bodies formed. A combined analysis of 
data for 1993 and 1994 shows that ears per plant in ROT1 increases with N rate 
up to 112 and 168 kg N/ha. Equal number of ears per plant was reported for 
these two N rates in ROT1. Ears per plant increased with N in ROT2 to the 
highest application rate as opposed to other two rotations, which suggests a 
shortage of nitrogen from soybean residue at the time of corn differentiation as 
compared to that available from the other rotations. In ROT3 ears per plant 
tended to gradually increase with N fertilizer rate from 0 to 112 kg/ha, after which 
the number of ears per plant declined from 0.952 to 0.932. The interaction 
between rotation and N rate is illustrated by the high count for ROT3 occurring at 
112 kg N/ha whereas the highest counts for the other rotations occurred at 168 
kg N/ha. 
End-of-season basal stalk nitrate concentration 
This test has a relatively high degree of reliability in measuring the N 
status of corn (Binford et aI., 1990). During grain fill N is translocated from the 
lower part of stalk to the grain when there is inadequate N availability. However, 
when an excess supply of N exists, N0 3- tends to accumulate in the lower part of 
the corn stalk at the end of the season (Blackmer and MaJ/arino, 1994). Optimal 
concentration of nitrate in stalks ranges from 700 to 2000 ppm. Concentrations 
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below or above this are considered an N deficiency or excess, respectively 
(Blackmer and Mallarino, 1994). However, the latest update on the optimal stalk 
nitrate concentration range for corn grown in rotation with legumes suggests that 
the minimum basal stalk N03- concentration starts at 200 ppm (Blackmer, 
personal communication). 
Average nitrate concentration in corn stalks from all three rotations was 
within the optimal concentration range. In 1992 the rotation treatment effect on 
stalk nitrate concentration was significant (Appendix, Table 9A). The highest 
nitrate concentration reported occurred in ROT1 and ROT2, followed by 
significantly lower values from corn stalks in ROT3 (Table 12). ROT3 had the 
lowest stalk nitrate concentration in 1992 while corn grain yield was the highest 
for the same rotation (Table 7). 
Table 12: End-of-season stalk nitrate concentration (ppm) as a function of 
rotation and years 1992-1994. 
ROTATION 1992 1993 1994 Avg 
ppm N03-
ROT1 1058a 170 212 696 
corn-soy-oatloat+h.v. 
ROT2 1249a 92 52 465 
corn-soybean 
ROT3 463b 176 109 252 
corn-soy-oatlb.clover 
", means in a column followed by the same letter are not significantly different at the 0.05 level of probability. 
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This follows the stalk nitrate concentration pattern described by Blackmer and 
. Mallarino (1994) which indicates that when significant grain yield response 
occurs, low stalk nitrate concentration is reported. This response could 
additionally indicate a shortage of available N which would limit plant 
development and grain filling at the end of the season. Corn grown in ROT1 and 
ROT2 yielded lower than that in ROT3 while the stalk nitrate concentration in 
these treatments was relatively high. Such correlation could be explained by the 
second pattern described by Blackmer and Mallarino (1994) related to a 
significant increase in stalk nitrate concentration with little or no increase in yield. 
The relatively high stalk nitrate concentration found in ROT2 and lack of yield 
response indicates a greater amounts of residual N exists in the system. This N 
might become available and be absorbed by a plant at the end of the season 
(Varvel et aI., 1995). These findings were confirmed by Copeland and Crookston 
in 1992. Based on the end-of-season stalk nitrate concentration test, it is difficult 
to estimate corn nitrogen sufficiency during the entire growing season, especially 
early in the spring (Blackmer and Mallarino, 1994). Other factors, like weather 
pattern, can influence this parameter (Blackmer and Mallarino, 1994; Binford et 
aI., 1992). The lack of significant treatment effect in 1993 might be explained by 
an extremely rainy season which reduced the nitrate concentration in the soil 
through the process of leaching. In 1994 abnormal weed populations might 
explain low stalk nitrate concentration values as well as the lack of significant 
differences between treatments. In all years except for 1993 and in the 
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combined analysis of all three years, stalk nitrate concentration response to the 
. fertilizer N rate was significant (Appendix, Table 9A through 12A). The lack of 
stalk nitrate response to N rate in 1993 might have been caused by abundant 
rainfall and nitrate loss from the soil. Basal stalk nitrate concentration deficiency 
was reported even at the highest rate of N applied (Table 13). Three year 
combined analysis of stalk nitrate concentration showed a gradual increase 
with N rate increase. A significant difference in stalk [N03-] however, was 
observed only between 112 kg N/ha and 168 kg N/ha. Stalk nitrate 
concentration at 0 and 56 kg N/ha was below the minimum concentration for 
sufficiency (200 ppm) which also corresponded with lower grain yields (Table 8). 
The lower concentration in stalks also suggests a higher yield would occur if 
more nitrogen were available (Blackmer and Mallarino, 1994). In 1992 significant 
increases in stalk nitrate concentration (above 2000 ppm) and lack of difference 
in grain yield found between 112 kg/ha and 168 kg of N/ha applied in ROT1 and 
ROT2 might suggest that there was lUxury uptake of nitrogen by corn plants 
without a significant effect on the yield. Corn grown immediately following 
legume often absorbs more N than is necessary for maximum grain yield 
(Sarrantonio, 1952; Brophy and Heichel, 1989; EI-Hout and Blackmer, 1989). 
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Table 13: End-of-season stalk nitrate concentration in response to 3 rotations 
and four nitrogen rates. 
ROTATION N RATE 1992 1993 1994 AVG 
ROT1 0 202 170 17 129 
56 238 175 13 142 
112 909 151 18 360 
168 2883 183 801 1289 
ROT2 0 296 108 17 140 
56 670 96 10 259 
112 1634 95 12 580 
168 2397 70 171 879 
ROT3 0 195 195 14 138 
56 330 171 23 175 
112 222 141 27 130 
168 1107 198 373 565 
MEAN 0 231 c* 158 16b 1368 
56 413bC 147 16b 1928 
112 922b 129 19b 3578 
168 2129a 150 449a 911 A 
" - means in a column followed by the same letter are not significantly different at the 0.05 level of probability. 
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Grain quality evaluation 
Grain quality is another indicator of nutrient sufficiency during grain fill as 
well as soil and environment conditions which exist at the end of a growing 
season. It can tell us about the process of translocation of assimilates from the 
vegetative plant structures (Schibles and Anderson, 1993). Statistical analysis 
(not presented here) indicated that no significant rotation treatment effect 
occurred, however, N rate influenced protein and density components of grain 
quality (Table 14). For both components, higher N rate increased protein content 
in grain through enhanced production of a larger number of amino-acids 
(Nowacki, 1980), and improved density by more efficient grain filling and mass 
formation (Carlson, 1980). 
Corn response to position in the strip 
Significant differences existed between years (except for the grain quality), 
therefore, all parameters measured were analyzed on yearly basis. The 
orthogonal comparisons between center and outside rows were made based on 
the mean of four inside rows combined versus two outside rows and west row 
versus east row. 
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Corn grain yields 
Corn grain yields were influenced by position in the strip in all three years 
of the experiment (1992-1994) (Appendix, Table 2A through SA). In 1992 the 
corn border rows yielded 7.2% higher than four center rows combined. The west 
row yielded 3% more and the east row 11 % more than the center rows. The 
east row yielded significantly higher than the remaining five rows with the lowest 
yield obtained in row 3 (Table 15). Orthogonal comparisons showed significant 
differences between the two outside rows versus the four inside rows combined 
as well as west outside row versus the east row (Appendix, Table 2A). The 
largest border position yield increase, 10.7%, occurred in 1993. Of this increase 
13.8% came from the east border and 7.4% from the west border. Orthogonal 
contrasts indicate a significant yield difference existed between the two outside 
versus the four middle rows combined, and significant difference existed between 
west and east border rows. Similar yield differences were obtained by Fortin et 
al. (1994), who observed that corn borders yield better in a wet year than in a 
dry year because of limited competition for water with neighboring crops. Garcia-
Prechac (1992) observed similar yield patterns. Corn plants which are much 
taller than the neighboring ones, are more competitive for sunlight having a 
larger plant surface exposed for the interception. Higher yield might be a result 
of greater availability of natural resources for corn at the border position where it 
outcompetes neighboring crops by using the same resources at a similar time 
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(Crookston and Hill, 1979; Lesoing and Francis, 1990). In 1994 yield differences 
between the four center rows and the two outside rows were not significant 
(Table 15). Orthogonal contrast between the two outside rows identified 
significant yield differences. The west row yield reduction might correspond to 
inadequate strip maintenance. In 1994 the high weed population called for 
additional field maintenance operations which resulted in some of the plots being 
damaged by machinery. This caused poorer plant stands and affected grain 
yield at some of the border positions. Smaller differences between border rows 
and center ones in 1994 might correspond with relatively dry weather is August 
and September that could result in border rows being exposed to a more water 
depleted environment. Water shortage coming from earlier developing 
neighboring plants was the main reason for the yield reduction found by Fortin et 
al. (1994) and West and Griffith (1992). Also evaporation increase at the border 
position found by Van (1994) might affect grain yield in a dry hot year. Plants 
growing at the border position, because of the amount of solar energy 
intercepted, may hasten their physiological development, as compared with 
center row plants, allowing more time for grain fill. Fortin et al. (1994) noticed 
that outside border plants develop at about 1.6 day faster rate than the center 
row plants over the growing season and that the silking might occur 2 days prior 
to the silking in the middle of the strip. 
Averaged over years a significant contribution to the increased yield came 
from the east border, which yielded 10 % more than center rows. West rows did 
Table 15: 
YEAR 
1992 
1993 
1994 
MEAN 
60 
Grain yield, ears/plant and end-of-season stalk nitrate 
concentration in response to six positions in the strip. 
POSITION GRAIN YIELD EAR/PLANT STALK NITRATE 
Mg/ha ppm N03• 
1 WEST 9.02b• 505b 
2 8.95b 883a 
3 8.35be 959a 
4 8.69b 
5 9.03b 928a 
6 EAST 9.83a 594b 
1 WEST 4.52b O.86be 91 c 
2 3.91c O.80d 119b 
3 4.40b O.83cd 165a 
4 4.48b O.89ab 
5 4.02c O.80d 154a 
6 EAST 4.85a O.91a 126b 
1 WEST 6.57c O.91be 72ab 
2 7.04b O.93ab 155a 
3 6.64c O.90c 162a 
4 7.34a O.94a 
5 7.25a O.93ab SOb 
6 EAST 7.46a O.93ab 21b 
1 WEST 6.48 8C 0.88B 221B 
2 6.488C 0.86B 386A 
3 6.38c 0.87B 429A 
4 6.818 0.91A 
5 6.76B 0.87B 380A 
6 EAST 7.38A 0.92A 247B 
./ • means in a column followed by the same letter are not significantly different at the 0.05 level of probability. 
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not contribute to the yield improvement at the border position, on the contrary, 
west row yield was significantly lower (2.4%) than the center four rows combined. 
Looking at each row in the strip separately, the east row obtained the highest 
yield, followed by row 4 and 5, with row number 1, 2 and 3 the lowest. 
Orthogonal contrasts over years showed significant difference for the two outside 
rows versus four inside ones and west versus east row. The east outside row 
consistently yielded higher than the west one which might correspond to the 
sunlight use efficiency for photosynthetic processes. The west row intercepted 
most of the photosynthetically active light in the afternoon hours, when the air 
temperature was relatively high. As a self-protective mechanism, photosynthesis 
might have been reduced so that undesired evapotranspiration might be 
minimized (West and Griffith, 1992). Wind factor might also have a yield 
reducing effect at the west border because a significant amount of assimilates 
might be redistributed to plant maintenance and development of more resistant 
tissues. The shorter plants observed on the border rows (Sawchik, 1994) might 
also suggest this adaptation. This was measured and confirmed by Fortin et al. 
(1994). 
In all three years there was a significant interaction between the position 
and rotation treatment (Table 16). The highest average yield was obtained from 
the east border row in ROT3 (8.21 Mg/ha), 6.8% higher than occurred in the 
fourcenter rows combined. The west border row in the same rotation had a 
4.2% lower yield compared to the center rows. The center corn rows following 
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Table 16: Grain yield interaction between rotation and position in the strip. 
ROT# POSITION 1992 1993 1994 AVG 
(Mg/ha) 
ROT1 1 WEST 7.61 3.70 6.49 5.94 
2 6.43 2.67 7.25 5.45 
3 7.40 3.88 7.44 6.24 
4 6.85 3.59 8.12 6.19 
5 7.45 2.93 8.14 6.18 
6 EAST 7.54 4.49 8.49 6.84 
ROT2 1 WEST 10.59 3.08 6.55 6.74 
2 9.78 3.08 6.80 6.55 
3 8.64 2.93 5.86 5.55 
4 9.56 3.39 6.57 6.44 
5 9.78 3.05 6.60 6.48 
6 EAST 10.67 4.22 6.39 7.09 
ROT3 1 WEST 8.86 6.79 6.66 7.34 
2 10.63 5.79 7.06 7.83 
3 9.01 6.38 6.61 7.34 
4 9.65 6.46 7.33 7.81 
5 9.84 6.07 7.02 7.59 
6 EAST 11.30 5.85 7.49 8.21 
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berseem clover yielded similarly to each other. The overall yield increase due to 
the presence of borders was 1.5% which was the lowest increase obtained over 
all rotations. The greatest difference between outside and inside rows was 
obtained in ROT1 (5.9%) followed by ROT2 (5.3%). The yield decrease in west 
rows was reported only in ROT1 and ROT3 which is hard to interpret due to the 
fact that in all three rotations the west corn border always neighbored soybean. 
At the west corn border in ROT2 a 7.2% yield increase occurred. Two major 
resources are considered while interpreting of the interaction between rotation 
treatment and west and east border positions. One is the time of day of light 
interception and the other is plant competition for water and nutrients. 
Resultsobtained by Fortin et al. (1994) show that the water content tends to be 
the highest in the interrow between corn and soybean row and the lowest under 
the outside corn row in the corn-small grain border. The same water content 
trend remains during most of the growing season until the grain filling time. In 
their research soybean always grew west of corn as in this experiment. The 
same results were also obtained by Sawchik (1994). In ROT2 corn grain yield 
increase was reported at both west and east borders which grew adjacent to 
soybean at both sides, however, the west border yielded only 7.2% higher than 
center rows whereas, the east border corn obtained a 12% yield increase. It is 
still unknown therefore, whether the 4.8% yield difference between both borders 
in this rotation is due to the soil water content or efficiency of solar radiation use 
during the day. 
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Corn grown at the east border of ROT1 and ROT3 more frequently 
experiences a water depleted environment caused by the presence of small grain 
and legume which use water earlier in the growing season than does soybean. 
Grain yield obtained from the east border position in ROT1 was 12.1 % higher 
than center rows whereas corn from the same position in ROT3 obtained only a 
6.S% increase. Such difference might be explained by the fact that corn in 
ROT1 competes at the east border position with only one crop (oat) during the 
growing season, while corn in ROT3 neighbors a small grain berseem clover mix, 
and after oat is harvested, berseem clover regrowth can be very rapid and 
expansive (Gupta and Pradhan, 1974). Hairy vetch establishment in ROT1 after 
small grain harvest doesn't compete for water and nutrients at this stage of corn 
development due to its limited growth. 
Number of ears per plant 
The number of ears per plant response to position effect was significant 
across both years (Appendix, Table 6A through SA). In 1993 (wet year) the 
number of ears per plant was 6.2% greater in the border than the non border 
position (Table 15). The main contribution came from the east border where 
corn plants formed S.S% more ears per plant than the four center rows combined 
while the west border had a 3.5% increase. A significant difference existed 
between the east row and the others with the smallest number of ears per plant 
65 
in rows 2 and 5. Orthogonal contrasts on 1993 data indicate that significant 
differences existed between the west border row and the east one. In 1994 no 
significant difference in number of ears per plant existed for row position. High 
weed population might have influenced these results. This explanation is 
supported by West and Griffith (1992) who claim that only with appropriate 
management harvestable ear number might increase as much as 7%. 
Number of ears per plant influences the grain yield at the end of a season. 
Therefore, increased grain yields in the border rows were partly due to the 
increased number of ears per plant in the border rows. Comparing number of 
ears per plant and grain yield, there was a similar grain yield and ear per plant 
distribution pattern found at certain row positions in the strip (Table 15). In 1993 
and 1994 both ear count and grain yield followed the same trend of decrease or 
minimal gain at the west borders, and yield and ear count increase at the east 
border. The same factors, discussed in the previous chapter, which influence 
yield, can be applied to number of ears per plant. Number of ears per plant was 
closely correlated with yield in the study by Fortin et al.(1994). 
In two years of ear per plant measurements there was a significant 
interaction between position and rotation suggesting that corn plants in each 
rotation responded differently to the position effect (Table 17). The highest 
average ear per plant number was reported in ROT3 on the west side of a strip 
which was 2.1 % higher than the count obtained from the four center rows 
combined. The row on the east side of the strip within the same rotation had 1 % 
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Table 17: Ear/plant interaction between rotation and position in the strip. 
I ROTATION 1 POSITION 11993 1994 AVG I 
ROT1 1 WEST 0.805 0.910 0.857 
2 0.704 0.956 0.830 
3 0.824 0.922 0.873 
4 0.855 0.944 0.900 
5 0.739 0.966 0.852 
6 EAST 0.904 0.965 0.934 
ROT2 1 WEST 0.821 0.881 0.851 
2 0.799 0.920 0.860 
3 0.761 0.879 0.820 
4 0.866 0.930 0.898 
5 0.768 0.905 0.837 
6 EAST 0.918 0.920 0.919 
ROT3 1 WEST 0.946 0.933 0.939 
2 0.890 0.921 0.905 
3 0.918 0.914 0.916 
4 0.943 0.942 0.943 
5 0.903 0.926 0.915 
6 EAST 0.902 0.913 0.907 
67 
fewer ears per plant than the center ones. Data reported in 1993 and 1994 
. shows that this position experiences persistent ear per plant reduction. It might 
be interpreted as certain unfavorable conditions existing at this position at the 
time of differentiation and post anthesis. Corn at the east border in ROT3 
neighbors oat underseeded with berseem clover. Small grain has, at the time of 
corn differentiation, peak water and nutrient demand which accompanies grain fill 
(Corrall, 1977). Additionally, berseem clover is growing rapidly. These 
processes can influence corn physiology by putting corn plants into a water and 
nutrient competitive environment. As a result, corn bordering berseem plants at 
the east strip border had only a 0.3% increase which was the lowest border row 
increase obtained from all rotations. Low ear per plant count also 
correspondswith similar grain yield response from ROT3 explained in the 
previous chapter. The highest difference of ears per plant between outside and 
inside rows was reported in ROT1 (3.97%) followed closely by ROT2 (3.96% 
increase). Ears per plant decrease at the west border was reported only in 
ROT1 which is difficult to interpret similar to grain yield trends since all west 
border corn rows in all three rotations grew adjacent to soybean strips. Corn 
from the outside row in ROT2 grows adjacently to soybean on both sides. The 
average ear per plant count increase obtained from both outside rows was 
significant. This was greatly influenced by the east border which contributed 
7.5% to the overall increase as opposed to the west border where a 0.01% 
increase was reported. The reason for the ear per plant results in both borders 
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is likely related to the similar grain yield response explained before. 
End-of-season basal stalk nitrate concentration 
End-of-season stalk nitrate concentration was influenced by position in the 
strip in all three years of the experiment (1992-1994) including the analysis 
combining three years of data (Appendix, Table 9A through 12A). In 1992 the 
concentration of nitrate in stalks at all positions was within the 200-2000 ppm 
range (Table 15). Both corn borders showed significantly lower stalk nitrate 
concentration compared to the three center positions. The orthogonal contrasts 
tested in 1992 confirmed these results. Basal stalk [N03-] obtained in both 1993 
and 1994 was below the minimal level required possibly caused by high 
precipitation in 1993 and high weed pressure in 1994. Therefore, the increased 
withdrawal of nitrate from base stalk likely occurred and resulted in rapid 
concentration decrease at the end of the growing season. Orthogonal contrasts 
testing position effects showed significant differences between the two outside 
rows versus three inside rows in both 1993 and 1994 and Significant differences 
between the west outside row versus east outside row in 1993. Combined 
analysis of data from all three years showed significant differences in stalk nitrate 
concentration between the two border rows and three inside rows. The average 
concentration of nitrate in all rows was within the range to obtain optimum yield 
with significantly higher readings in the three center row positions. The lower 
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readings obtained in the outside rows contradict anticipated interpretations 
considering grain yields at the same positions (Table 15). The west border 
consistently experienced a yield decrease whereas the east one had a significant 
yield increase. However, the stalk nitrate concentration decreased at both 
outside row positions in all years. Low values of stalk nitrate at the east border 
corresponds to a higher demand for this nutrient in order to achieve higher yield. 
At the west border, where corn row always grew adjacent to soybean, the water 
content stayed significantly higher than at the other positions in the strip 
(Sawchik, 1994; Fortin et aI., 1994). Therefore, a higher potential for nitrate 
leaching might cause the lower reading at the west border (Logsdon et aI., 
1993). 
There was a significant interaction between position and N fertilizer rate 
found in 1992 and 1994 (Table 18). The average stalk nitrate concentration 
across all N fertilizer rates showed that applications of 0 and 56 kg of N/ha 
resulted in nitrate concentration below the minimum range of nitrate sufficiency. 
Higher rates of N, i.e., 112 and 168 kg/ha, placed stalk nitrate readings in the 
optimum range. The highest stalk nitrate concentration was obtained from the 
three center row positions of the strip when 168 kg of N/ha was applied, followed 
by the 112 kg of N/ha application. Readings obtained in 1992 were comparable 
to those often found in the literature (for example in paper published by EI-Hout 
and Blackmer, 1990). Results of 1992 showed that 168 kg of N/ha resulted in 
the stalk nitrate concentration above the optimum level at the three center row 
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Table 18: End-of-season stalk nitrate concentration interaction between N rate 
and position in the strip. 
N RATE POSITION 1992 1993 1994 AVG 
ppm N03-
o kg/ha 1 WEST 182.67 98.33 21.00 100.67 
2 191.08 140.25 16.58 115.97 
3&4 296.42 176.50 16.83 163.25 
5 206.58 157.33 15.18 129.54 
6 EAST 374.75 131.67 16.08 174.17 
56 kg/ha 1 WEST 175.54 92.00 12.00 90.83 
2 214.25 114.42 23.17 117.28 
3&4 669.58 170.08 12.92 284.19 
5 355.42 159.00 11.50 175.30 
6 EAST 347.17 113.75 15.83 158.92 
112 kg/ha 1 WEST 504.08 97.83 19.08 207.00 
2 654.08 86.42 15.33 251.94 
3&4 885.08 140.08 31.25 352.14 
5 1227.17 162.50 11.42 467.03 
6 EAST 635.17 87.17 15.67 246.00 
168 kg/ha 1 WEST 1240.09 78.58 236.75 497.85 
2 2476.50 136.83 570.25 1061.19 
3&4 1986.75 175.00 590.17 917.30 
5 1925.25 140.00 169.64 761.40 
6 EAST 1020.42 172.17 39.00 410.53 
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positions which corresponds to lUxury uptake of this nutrient by growing corn 
(Blackmer and Mallarino, 1994) and increased leaching of nitrate coming from 
corn root exudates at the end of the growing season. Corn stalk nitrate from the 
outside rows was significantly lower than that for the center part of the strip. The 
concentration in the outside position at 168 kg N/ha rate is similar to that found 
in the center row positions when 112 kg of N/ha was applied. Increasing N rate 
application at the border positions, with the center part of a strip remaining at a 
lower rate, was one of the recommendations suggested by West and Griffith 
(1992). The question remains whether both borders would utilize the increased 
rate of N to improve the grain yield quality or whether the leaching potential at 
any of these positions would be enhanced. 
Grain quality evaluation 
Grain quality indicators analyzed in this experiment showed that the 
position in the strip had a significant influence on two (protein and density) out of 
five parameters measured. Protein content was significantly increased at the 
east border followed by center and west outside positions (Table 19). These 
results correspond with the similar yield trends in the strip (Table 15). Density 
was significantly higher at the east border followed by a significant decrease at 
the center and west border position. There are additional factors not monitored 
here which may influence yield quality i.e. storage conditions and length of the 
72 
Table 19: Grain quality analysis from three row positions in 1994. 
POSITION I MOISTURE I PROTEIN lOlL I STARCH I DENSITY I 
WEST 12.26 7.81 b* 3.35 60.97 1.260b 
CENTER 11.8 7.93b 3.31 61.00 1.2663b 
EAST 12.6 8.343 3.27 60.83 1.2723 
" - means in a column followed by the same letter are significantly different at the 0.05 level of probability. 
time between harvest and analysis (personal communication). In this 
experiment, grain moisture at the outside position tended to be higher than that 
from the center row. This finding disagrees with observations made by Fortin et 
al.(1994) who claim that the grain moisture at the outside position is significantly 
lower than in the center. Hadjichristodolou (1992) discovered while analyzing 
grain quality in cereals and oilseed crops, that there is no significant border effect 
on the oil and N content of the grain as well as harvest index and volume weight. 
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SUMMARY AND CONCLUSIONS 
To summarize this research: 
1. Rotation effects are significant: the highest corn yields and ears per plant 
occurred in ROT3 followed by ROT2 and ROT1. The lowest 
concentration of stalk nitrate was found in ROT3 and the highest in 
ROT1. 
2. The highest grain yield and number of ears per plant was obtained in 
ROT3 when 112 kg N/ha was applied. Corn in ROT1 and ROT2 yielded 
lower even with the highest rate of N. Looking at 0 kg N/ha application, 
ROT3 leaves more N than ROT1 and ROT2, however, this may not be all 
legume effect. A significant rotation x N rate interaction occurred for stalk 
nitrate concentration. 
3. Row position significantly influenced grain yield and number of ears per 
plant in all rotations. The highest yield and protein concentration as well 
as grain density occurred in the east border row. The lowest 
concentration of nitrate was found in stalks of outside rows while the 
highest occurred in the center of the strip. A significant N rate x position 
interaction occurred for stalk nitrate concentration. 
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RECOMMENDATIONS FOR PRACTICE 
1. Berseem clover/oat mixture is suggested to be used as corn forecrop. It 
can provide significant quantity of forage and residue which contributes to 
the soil fertility improvement. 
2. Hairy vetch is not a good choice as an Iowa winter cover crop. Its 
establishment in the fall and spring regrowth is very unpredictable and 
can significantly affect succeeding corn grain yield. 
3. Care has must be applied to the proper strip maintenance. Undesired 
driving over the strip border rows where most of the yield increase is 
expected, can significantly affect the overall yield from the strip. 
4. Weed control is a very important factor in a reduced-till SI system. 
5. In order to enhance better yield at the east border rows, an increased rate 
of fertilizer N as compared with the rest strip rows should be applied. 
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